The BRAAFF checklist: a new dermoscopic algorithm for diagnosing acral melanoma
Introduction
Acral melanoma (AM) represents the most common melanoma subtype in non-white populations, accounting for more than 70% of melanomas in African-Americans and approximately 50% of melanomas in Asians. [1] [2] [3] [4] [5] [6] In Caucasians, melanoma most often develops in non-acral sites, with AM accounting for less than 10% of cases. 7, 8 However, these differences are rather related to the prevalence of non-acral melanoma in Caucasians, since the absolute incidence of AM has been estimated to be similar among all races. [7] [8] [9] Of note, AM has been associated with a worse prognosis comparing to other melanoma subtypes. Since no pathophysiologic mechanism has been suggested to explain its particularly unfavorable clinical course, it has been mainly attributed to a delayed diagnosis. [10] [11] [12] Early detection is the only safe strategy to reduce melanoma-related mortality, since, irrespectively of the tumour site, the prognosis of the disease directly depends on the invasion depth at the time of diagnosis. Dermoscopy has been shown to optimally serve the goal of early diagnosis, by enabling clinicians to recognize melanoma before it develops
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This article is protected by copyright. All rights reserved. macroscopically evident characteristics. 13 In acral pigmented lesions, dermoscopy enhances melanoma recognition by highlighting the accentuation of the pigmentation on the skin ridges (parallel ridge pattern-PRP, in contrast to the parallel furrow pattern-PFP of acral nevi). 9, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] However, it has been recently shown that approximately one third of AMs do not display a PRP, thus rendering their accurate diagnosis more difficult. 29 Some additional features, such as irregular diffuse pigmentation and other non-site specific melanoma criteria, have also been reported to characterize AM. [15] [16] [17] [18] 25, 27 The aim of the present study was to develop and validate a multivariable dermoscopic prediction model for the differentiation between early AM and acral nevi.
Methods
This was a multi-center morphologic study conducted in 7 specialized centers for skin cancer diagnosis and management in Austria, France, Greece, Japan and Italy. The databases of our centers were screened to identify eligible cases. Eligibility criteria were the histopathologic diagnosis of AM or acral nevus, or the clinical-dermoscopic diagnosis of acral nevus with available follow-up of at least one year, as well as the availability of high-quality dermoscopic images. First we searched for cases of histopathologically diagnosed AM or acral nevi fulfilling the inclusion criteria. Then, we added to the study sample consecutive cases of non-excised acral nevi with at least 1 year of follow up, in order to reach a number comparable with the other 2 groups. Nail apparatus melanomas without involvement of the acral skin were excluded from the study. Patients' data, including age, sex, location (palm or sole), and Breslow thickness, were recorded.
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Upon inclusion and prior to derrmoscopic evaluation, patients were randomly allocated to either a training or a validation dataset. However, because of the limited sample size and the need to include many predictors, we finally elected to include all patients in a single dataset, increasing the ratio of cases to independent variables, in order to include more variables in the final model and obtain the highest possible sensitivity. The training and validation sets were separately analyzed for the purpose of sensitivity analyses. The registry data from the 7 skin cancer centers were used both for the development and the validation, using resampling and splitting of the original dataset.
Dermoscopic evaluation
Dermoscopic images were evaluated by three independent investigators (H.K, E.M, P.T.), blinded for the histopathologic and clinico-dermoscopic diagnoses. The investigators were asked to assess the global dermoscopic pattern of each lesion, as well as the presence or absence of pre-defined dermoscopic structures. The selection of the dermoscopic criteria was based on the available literature and was a result of consensus among the authors. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] The dermoscopic variables used are analytically described in Table 1 . Of 15 dermoscopic variables included in the analysis, 14 were dichotomous and the global pattern was categorical with 6 different values.
Statistical analysis

Intra-observer agreement was examined with Cohen's Kappa and Intraclass Correlation
Coefficient (ICC). The outcome to be predicted by the prediction model was a dichotomous variable with the final diagnosis, as determined either by histopathologic examination or by 1
year of follow up (0= acral nevi, both excised and non-excised; 1= AM). All separate dermoscopic variables were included in the analysis and examined as possible predictors of
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AM. Since the evaluators blindly assessed all included lesions, a complete-case analysis was feasible.
In order to have sufficient power for a prediction model, at least 10 events per degree of freedom (df, each beta) spend is needed. The final combined set included 131 melanomas, indicating that the sample size is small given the number of predictors selected for regression modeling. This limitation is further discussed below. 30 Accordingly, we selected not to use the training set, but to develop the model from the complete dataset. This also imposes some limitations discussed below.
Co-linearity was assessed via a correlation matrix, using Spearman's Rho correlation coefficient. Relative risks were calculated for all dichotomous variables. Crude odds ratios, adjusted odds ratios and corresponding 95 percent confidence intervals (95% CI) were calculated by univariate and conditional multivariate logistic regression, respectively.
Conditional backward elimination proved more parsimonious.
To assess the internal validity and degree of over-optimism (calibration) in the models, the bootstrap resampling technique was applied by fitting the logistic model in a bootstrap sample of 400 subjects drawn from the original sample over 100 repetitions. The averaged difference in performance as a stable estimate of the optimism was subtracted from the apparent performance to estimate the internally validated performance. 31 Alpha level was set at 0.05 while an alpha level of 0.10 was used as cut-off for variable removal in the automated model selection for multivariate logistic regression. For logistic regression analyses, we created an "intra-rater" set of variables in which at least an agreement between 2 raters was required to confirm any specific value. In those cases where this was not possible, the value was decided upon re-evaluation of the images and consensus.
Discriminant analysis was performed and functions were saved; we then used ROC curves to choose between competing classification schemes. Specificity and sensitivity were
extracted from classification tables. The Type I error probability associated with all tests in this study was set to 0.05. All statistical calculations were made with the SPSS 17.0 (Statistical Package for Social Sciences, SPSS Inc., Chicago, Ill.).
Results
Of a total of 603 lesions from 603 patients included in the study, 472 were nevi (183 excised and 289 not excised) and 131 were melanomas (42 in-situ and 89 invasive tumours). The inclusion period was from the beginning of 2010 until the end of 2013. The mean Breslow thickness of invasive AM was 2.67 mm, ranging from 0.2 to 14.5 mm. The mean age of the whole study group was 42.3 years, ranging from 1 to 98 years. The mean age of melanoma patients was significantly higher (67.7 years, with the youngest melanoma patient aged 21 years) compared to patients in the nevi group (35.6 years). Age was found to be associated with a 9.5% increased risk for melanoma per each year of age added, in an adjusted model with all dermoscopic variables included (adjusted OR=1.095, 95%CI: 1.068-1.122, p<0.001).
The male-to-female ratio was 1:1.6 and did not differ significantly between patients with AM and acral nevi. The majority of the lesions were located on the sole (538/603, 89.2%), and only 65 (10.8%) were palmar. The anatomic site distribution (soles/palms) was similar for nevi and melanomas.
Detailed results of the dermoscopic analysis are given in Table 2 . The global pattern of parallel lines was by far the most frequent in nevi (73.7%, Fig. 1 ) and in melanoma in-situ (61.9%). In contrast, invasive melanoma most commonly exhibited a multicomponent (50.6%) or a structureless pattern (38.2%, Fig. 2 ).
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Intra-observer agreement
In all cases, Cohen's Kappa ranged from 0.496 to 0.794 showing moderate (for few variables including regression structures, irregular streaks/pseudopods and atypical network) to substantial agreement between raters. ICC (using averaged measures, absolute agreement) ranged from 0.526 to 0.828 showing moderate to good agreement among raters. Regression structures, irregular streaks/pseudopods and atypical network were the only variables in which ICC was lower than 0.679.
Univariate and multivariate analyses
The results of the univariate and the multivariate analyses are shown in Tables 3 and 4, respectively. In the univariate analysis, several variables showed statistically significant predictive value to differentiate melanoma from nevi (Table 3 ). However, in the multivariate analysis, a reduced number of variables remained important predictors, adjusted for the effect of the remainder variables (Table 4 ).
Based on the multivariate model, we employed discriminant analyses to test different scoring schemes and to determine the optimal cut-off thresholds. We run a number of sensitivity analyses, using the training and the validation set, along with the complete set. We opted for the highest possible sensitivity of the multivariate predictive model. Optimal area under curve (AUC) and sensitivity were our endpoints. We developed the following scoring system composed of 6 variables (blotches irregular, ridge pattern, asymmetry of structures, asymmetry of colours, furrow pattern, and fibrillar pattern), which was thus named BRAAFF (Table 5 ):
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This article is protected by copyright. All rights reserved. Score = Irregular blotch + (3 * Parallel ridge pattern) + Asymmetry of structures +
Asymmetry of colours -Parallel furrow pattern -Fibrillar pattern
A threshold of one point was found to provide the best sensitivity (93.1%), supplemented by satisfying specificity (86.7%), and allowing correct classification of 88.1% of the overall group cases (all melanomas versus all nevi). The ROC curve is plotted in Fig.   3 . The model yielded a corrected AUC of 0.954 (95%CI: 0.929-0.979, p<0.001).
The frequencies of dermoscopic criteria within each group of patients are presented in Table 2 . Furthermore, we employed sensitivity analyses to examine the diagnostic accuracy of our model in certain subgroups of patients. In detail, we assessed the accuracy of the model for the diagnosis of in situ and invasive melanoma. In addition, we tested the model when melanomas were compared only with excised nevi, which reasonably are morphologically less typical from the non-excised ones. The results of the subgroup analysis are shown in Table 6 .
Discussion
Our study confirms the high diagnostic accuracy of dermoscopy for the diagnosis of AM.
Based on the results of our analysis, we propose a dermoscopic diagnostic algorithm that allows achieving 93.1% sensitivity and 86.7% specificity for melanoma diagnosis.
In line with pre-existing evidence on all melanoma subtypes, our study highlights that the age of the patient should always be considered when evaluating a pigmented skin lesion, since melanoma is extremely rare in children and its incidence increases with age. 32, 33 The youngest melanoma patient in our series was aged 21 years, the mean age of melanoma patients was significantly higher comparing to patients in the nevi group and every added age
year increased the risk of melanoma by 9.5%.
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Dermoscopy has been shown to improve the discrimination between AM and acral nevi, mainly by highlighting 2 different patterns of pigment deposition, namely the PRP of melanoma and the PFP of nevi. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] The latter are dermoscopically typified by the accentuation of the pigment along the furrows of the skin markings. 9, 14, 16, 19, [22] [23] [24] [25] [26] This pigmentation histopathologically corresponds to nests of melanocytes located around the crista profunda limitans, an epidermal rete ridge located under the surface furrows. In contrast, melanoma is typified by pigmentation along the ridges of the skin markings ( Fig. 4) , histopathologically corresponding to a proliferation of atypical melanocytes mostly located around the crista profunda intermedia. [15] [16] [17] [18] 21 These parallel line patterns are a result of the characteristic anatomy of the acral skin and our results confirm their usefulness in the differentiation between AM and acral nevi. However, our findings suggest that additional melanoma features should also be taken into consideration when evaluating an acral pigmented lesion, since a considerable proportion of AM lack the PRP.
Analytically, in agreement with previous studies reporting 99% specificity of PRP, this criterion represented in our study the most potent predictor of melanoma, posing a 18fold probability. 17 This means that the detection of PRP should warrant excision of the lesion, even in the absence of any other melanoma criterion and even if the lesion is characterized by perfect symmetry. However, PRP were present only in 38.2% of AMs, meaning that more than 60% of AMs might be overlooked if only PRP is considered (Figs 5 and 6 ). This criterion was more common in melanoma in situ (50%) than in invasive (32.6%) AMs. The previously reported sensitivity of PRP as a single criterion for AM diagnosis has been reported to range from 53% to 86%. 9, 15, 17, 27 The lower frequency of PRP in our series might be related to the higher percentage of invasive tumours in our sample, since it is known that PRP is more common in early AM.
Similarly, although PFP were the most potent predictor for the diagnosis of a nevus, posing a 9-fold probability, 10% of AMs exhibited PFP in some parts of the lesion (Fig. 5 ).
Subsequently, the detection of this feature should not exclude the diagnosis of AM when other melanoma-specific criteria are visualized. Similarly, a fibrillar pattern was associated with a 3-fold probability of a nevus, but they were also present in 7.6% of AM. In line with our findings, the observation that "benign" criteria might be focally present in AM has been recently highlighted by a collaborative study of the International Dermoscopy Society, which included mainly invasive AMs. 34 Irregular diffuse pigmentation (IDP; also called blotches) has also been described as a common dermoscopic criterion of AM, and it has been suggested to typify mainly invasive tumours. 9, 15, 17, 27 Phan et al found IDP to represent the most common AM pattern in a series of AM in Europe, whereas in a recent multi center study the frequency of IDP was significantly lower. 27, 28 In our study, irregular blotches were found in 68.2% of melanomas, representing one of the most common criteria. A direct comparison between this number and the frequency of IDP in former studies is not possible, since we considered irregular blotches as a local feature and not as a global pattern like in the previously mentioned studies. However, our multivariate analysis revealed that irregular blotches are a potent melanoma predictor, posing a 4-fold probability of AM.
Asymmetry of colours and asymmetry of structures also represented potent melanoma predictors in our study, posing a 7-and 4-fold probability of AM, respectively.
Notably, our data suggest that, in the presence of marked asymmetry (both in colours and structures) the lesion should be excised even in the presence of "benign" criteria, such as PFP or fibrillar pattern.
The BRAAFF checklist allows a significant improvement of the diagnostic accuracy of dermoscopy for the diagnosis of AM, compared to any previously suggested method, with an acceptable cost in specificity. Of note, the subgroup analysis revealed that the BRAAFF checklist was valid for the detection of both in situ and invasive tumours. The higher sensitivity of the model for the diagnosis of invasive melanoma should be considered reasonable, since invasive tumours display, as a rule, more evident melanoma criteria.
Furthermore, the accuracy of BRAAFF checklist was high even when melanomas were compared only with excised nevi. This finding is particularly relevant for the daily practice, since it highlights the power of this new model to discriminate melanoma from nevi that were previously judged as suspicious enough to merit excision. However, despite of the increased diagnostic accuracy of this model, still some melanomas might deviate the dermoscopic detection. Subsequently, it has to be underlined that the dermoscopic findings should always be interpreted within the clinical context of the patient, integrated with all relevant clinical information such as patient's age and history, while histopathologic examination is required in equivocal cases.
Dermoscopic algorithms (ABCD rule, 7-point checklist, Menzies method, etc.) have been useful tools for guiding clinicians in the everyday clinical practice. [35] [36] [37] The BRAAFF algorithm, by taking into consideration all the dermoscopic criteria that are useful to differentiate acral nevi from AM, is a practical tool helping the detection of AMs that deviate from the pathognomonic PRP, thus increasing the diagnostic accuracy. To further simplify the interpretation of the algorithm and enhance its applicability, we provide below four simple management suggestions when examining an acral lesion: i) a lesion dermoscopically exhibiting a PRP should be excised (Fig. 4) . ii) a lesion displaying a symmetric PFP or a symmetric fibrillar pattern is very probably benign and should not be excised. iii) a lesion
This article is protected by copyright. All rights reserved. exhibiting a PFP or fibrillar pattern should be excised if displaying marked asymmetry (asymmetry of colours plus asymmetry of structures) or a slight asymmetry (of colours or structures) plus irregular blotches (Fig. 5 ). iv) a lesion lacking a PRP, a PFP or a fibrillar pattern should be excised in the presence of asymmetry (of colours or structures or both) or in the presence of irregular blotches (Fig. 6 ).
Our study has several limitations. First, the retrospective design is subject to recall and observation biases, which were addressed by involving 3 independent evaluators blinded to the clinical and histopathologic diagnosis. Intra-observer agreement was moderate to substantial between investigators. For those variables that only a moderate agreement was achieved, this could be due to the low overall frequencies of these criteria in our dataset (see Table 2 ). Second, the histopathologic diagnosis of acral melanocytic lesions might be highly problematic, since early melanoma might not display diagnostic criteria, while acral nevi might display criteria suggestive of melanoma (pseudomelanoma). 38 Furthermore, discrimination between in situ and invasive melanoma may also be problematic, since subtle features of microinvasion might be overlooked. Therefore, although we included only cases with a definite histopathologic diagnosis examined by expert dermatopathologists in the field, we cannot rule out the possibility that some tumours were misclassified. Third, in the present study we included non-excised nevi with a minimum follow up of one year. Although unlikely, we cannot exclude the possibility that a lesion assessed as a nevus and remaining stable after one year is in fact a very slow-growing melanoma. Fourth, we did not include cases of subcorneal hemorrhage in our study, which may also exhibit sometimes a PRP. Accordingly, the diagnostic accuracy to discriminate between AM and subcorneal hemorrhage remains to be further elucidated. Fifth, we aimed to provide a purely dermoscopic algorithm, independent of clinical and epidemiologic parameters. However,
This article is protected by copyright. All rights reserved. clinicians should take into consideration that the risk of melanoma increases with patient's age, as shown by the results of the current and previous studies. Sixth, the suggested algorithm was derived from a retrospective analysis of already diagnosed lesions and should be prospectively validated in future studies. Finally, considering the high morbidity of melanoma, we aimed for the highest possible sensitivity to ensure that the checklist early detects the most possible AM. For that, we included in the multivariate analyses more variables than recommended. 30 To overcome this limitation the proposed BRAAFF checklist requires external validation in future studies.
In conclusion, the BRAAFF checklist significantly improves the diagnostic accuracy of dermoscopy for the diagnosis of AM, compared to any previously suggested method, with an acceptable cost in specificity.
This article is protected by copyright. All rights reserved. Blue-white veil Irregular, structureless area of confluent blue pigmentation with an overlying white "ground-glass" film. The pigmentation cannot occupy the entire lesion and usually corresponds to a clinically elevated part of the lesion
Regression structures
White scar-like depigmentation and/or blue pepper-like granules usually corresponding to a clinically flat part of the lesion
Atypical vessels
The presence of more than 1 morphologic type of vessels or the presence of linear irregular vessels, or the presence of other type of vessels with an irregular distribution.
Atypical network Black, brown or gray network with irregular holes and thick lines
Milky-red areas Areas of structureless pink colour within the lesion
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Variables entered on model: Global pattern (categorical, reference=parallel lines pattern), asymmetry of structures, asymmetry of colours, parallel ridge pattern, parallel furrow pattern, fibrillar pattern, lattice-like pattern, irregular blotches, irregular dots/globules, irregular streaks/pseudopods, blue-white veil, regression structures, atypical vessels, atypical network, milky-red areas. Odds ratio (OR) mutually adjusted for all variables in the model. Relative risks (RRs) approximated by ORs, 95% confidence intervals (CIs) and P-values were calculated with conditional multivariate logistic regression conditional backward elimination model. RRs mutually adjusted for variables in the model. Logit for all independent dichotomous variables = no. Alpha level set to p < 0,05. Cut-off value set to 0<10. A score of 1 is needed for the diagnosis of melanoma. 
